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A B S T R A C T
The work is dedicated to the investigation of Eu3+ multicenter formation and luminescent properties of
Ca3Sc2Si3O12:Eu (CSSG:Eu) and Ca2YScMgSiO12:Eu (CYMSSG:Eu) single crystalline ﬁlm (SCF) phosphors, grown
by liquid phase epitaxy method onto Gd3Ga2.5Al2.5O12 (GAGG) and Y3Al5O12 (YAG) substrates, respectively. We
have found notable diﬀerences in the luminescent properties of CSSG:Eu and CYMSSG:Eu SCFs caused by the
Eu3+ multicenter formation in both garnets due to the diﬀerent local surrounding of Eu3+ ions in the dodeca-
hedral positions by the non-isovalent Sc3+/Mg2+ and Si4+ cations in the octahedral and tetrahedral positions of
garnet hosts, respectively. A feature of the Eu3+ center creation in CYMSSG:Eu garnet in comparison with
CSSG:Eu counterpart is the possibility of localization of Eu3+ ions in dodecahedral sites of both Ca2+ and Y3+
cations. However, based on the obtained results, we have presupposed preferable localization of the Eu3+ ions
mainly in the Y3+ positions of this garnet.
1. Introduction
Red emitting Eu3+ doped luminescent materials in diﬀerent crys-
talline forms are widely used in many types of light sources such as LED
and plasma screens, ﬂuorescent lamps and markers as well as the
cathodoluminescent and scintillating screens [1–4]. Nowadays, a new
class of Ce3+ and Eu2+/Eu3+ doped garnet phosphors based on the
A3B2C3O12 (A=Ca, R=Y, Lu; B= Mg, Sc, Al, Ga; C= Ga, Al, Si) si-
licate garnets have been proposed for creation of high-power white
LEDs and other optoelectronic applications [5–13]. Recently, the
ceramic samples of Ce3+ doped {Ca2R}[B2-xCx](Si3-yCy)O12:Ce (R=Y,
Lu; B=Sc, Ga; C=Ga, Al; x, y= 0–1) and Ca2YSc2Si3O12:Ce garnets
were crystallized by the hydrothermal method for application as LED
converters and their luminescent properties were investigated by some
of us [14,15]. In works [16–19] we also showed the possibility of ob-
taining the phosphors based on the single crystalline ﬁlms (SCFs) of
Ce3+ doped Ca2RSc2Si3O12:Ce (R=Y, Lu) and Ce3+ and Dy3+ doped
Ca3Sc2Si3O12:Ce garnets using the liquid phase epitaxy (LPE) method
for application in optoelectronic devices such as blue LED converters,
laser media and thermographic materials.
In this work, we report the ﬁrst results on the growth and lumi-
nescent properties of the Eu3+ doped Ca3Sc2Si3O12 (CSSG) and
Ca2YScMgSiO12 (CYMSSG) SCFs phosphors. The development of such
type of SCF phosphors is now a very prospective trend in the solid-state
lighting technology, especially when taking into account the fact that
only phosphors based on crystal or ceramic of YAG:Ce garnet are now
accessible for manufacturing high power WLED under blue or UV LED
excitations [2,3]. However, we also consider the SCFs of rare-earth
doped Ca3Sc2Si3O12 and Ca2YMgScSi3O12 garnets as prospective ma-
terials for the creation of new SCF scintillators and cathodoluminescent
screens as well [16–19].
2. Growth of Ca3Sc2Si3O12:Eu and Ca2YScMgSiO12:Eu SCFs and
experimental technique
Two optically perfect SCF samples with nominal compositions
Ca3Sc2Si3O12:Eu (CSSG:Eu) and Ca2YMgScSi3O12:Eu (CYMSSG:Eu) and
a thickness of 10 and 30 μm, respectively, were grown by the LPE
method from the melt-solution PbO-B2O3 ﬂux onto Gd3Ga2.5Al2.5O12
(GAGG) and Y3Al5O12 (YAG) substrates with a lattice constant of
12.228 Ȧ and 12.01 Ȧ, respectively, and the orientation close to (100).
The Eu2O3 content in the melt was 1mol %.
The single crystallininity and structural quality of the SCFs were
investigated using X-ray diﬀraction (Fig. 1). As can seen from these
ﬁgures, two double diﬀraction peaks, corresponding to reﬂection of
CuKα1 and CuKα2 lines from the (1200) planes of SCF and substrate are
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observed. It is worth noting that the positions of the respective double
peaks are located at lower degrees in comparison with that for GAGG
and YAG substrates, respectively. That means that CSSG:Eu and CYM-
SSG:Eu SCFs possesses the large lattice constants equal to 12.2586 Ȧ
and 12.2533, respectively, than that in the GAGG (12.2280 Ȧ) and YAG
(12.0098 Ȧ) substrates. The respective SCF/substrate misﬁt m=(af -
as)/as× 100% was 0.25% in the case of CSSG:Eu SCF growth (Fig. 1a)
and even 2% in the case of CYMSSG:Eu SCF crystallization (Fig. 1b).
3. Luminescent properties of CSSG:Eu and CYMSSG:Eu SCFs
The luminescent properties of CSSG:Eu and CYMSSG:Eu SCFs were
studied at room temperature (RT) using the cathodoluminescence
spectra (CL) (Fig. 2), photoluminescence (PL) emission (Figs. 3 and 4)
and PL excitation spectra (Fig. 5) as well as the PL decay kinetics
(Figs. 6 and 7). The CL spectra were measured using an electron mi-
croscope SEM JEOL JSM-820, additionally equipped with a spectro-
meter Ocean Electronics and TE-cooled CCD detector working in the
200–925 nm range. The PL emission and excitation spectra as well as
the PL decay kinetics of SCFs were measured using an Edinburgh In-
struments FLSP920 UV–vis–NIR spectrometer setup. A 450W xenon
lamp was used as steady state excitation source. A Hamamatsu R928P
photomultiplier tube was used to detect the emission signal in the near
UV to visible range. All measurements were carried out at a step size of
0.5 nm. The emission spectra presented in the manuscript have been
corrected for detector response. The PL decay kinetic was measured
using a TCSPC (Time Correlated Single Photon Counting).
3.1. CL spectra
The normalized CL spectra of the CSSG:Eu and CYMSSG:Eu SCFs
(Fig. 2) are caused by the 5D0→7F1-4 transitions of Eu3+ ions in the red
range. No sign of the Eu2+ luminescence was found in the emission spectra
of these SCFs. Therefore, only the Eu3+ state of europium ions is ob-
served in the mentioned SCFs. As can be seen from Fig. 2, the intensity
of the emission bands, related to the diﬀerent 7F1-4 levels depends on
the garnet hosts (Fig. 2). Speciﬁcally, the notably stronger intensity of
the 5D0→7F1 (587 nm) and 5D0→7F4 (708 nm) magnetic dipole (MD)
transitions is observed in CYMSSG:Eu SCFs in comparison with CSSG:Eu
SCFs. Meanwhile, in the both garnet hosts the 5D0→7F2 (625 nm)
electrically dipole (ED) transitions are dominant.
3.2. PL emission spectra
The normalized PL spectra of the CSSG:Eu and CYMSSG:Eu SCFs,
caused by the diﬀerent 5D0→7F1-4 transitions of Eu3+ ions, are shown
in Fig. 3. Similarly to the CL spectra, the shape of PL spectra as well as
the relative intensity of the main Eu3+ emission bands, corresponding
to the diﬀerent 5D0→7F1-4 transitions of Eu3+ ions, strongly depend on
the garnet host and excitation wavelength (Fig. 3). Speciﬁcally, the
intensity of the main emission bands, peaked at 577, 610, 627 and
707 nm, corresponding to the 5D0→7F0,1,2,4 transitions of Eu3+ ions,
show a substantially diﬀerent trends with increasing the excitation
wavelength in the CSSG and CYMSSG hosts (Fig. 4). For this reason, we
can presuppose multicenter formation of the diﬀerent types of the Eu3+
emission centers in the dodecahedral positions of CSSG:Eu and CYM-
SSG:Eu garnet hosts with various local surrounding by two charged
(Ca2+ and Mg2+) and three charged (Y3+ and Sc3+) cations.
3.3. Excitation spectra of PL
The normalized excitation spectra for the Eu3+ luminescence in
CSSG:Eu and CYMSSG:Eu SCFs, are shown in Fig. 5. These spectra
consist of a strong wide band in the UV range, caused by the O2−→
Eu3+ charge transfer transitions (CTT), and sharp lines in the UV and
visible ranges, related to the intrinsic 4f-4f transitions of Eu3+ ions. The
relative intensity of CTT excitation bands with respect to the intensity
of f-f excitation bands is signiﬁcantly larger for CSSG:Eu SCFs in
Fig. 1. XRD pattern of (1200) planes of CSSG:Eu (a) and CYMSSG:Eu (b) SCFs grown onto GAGG and YAG substrates with (100) orientation, respectively.
Fig. 2. CL spectra of CSSG:Eu (1) and CYMSSG:Eu (2) SCFs at 300 K.
V. Gorbenko, et al. Optical Materials 90 (2019) 70–75
71
comparison with CYMSSG:Eu SCFs (Fig. 5a and b, respectively).
Namely, a main band with a maximum approximately at 310 nm and a
bump at 270 nm, corresponding to the mentioned CTTs, are observed in
the excitation spectra of the Eu3+ luminescence in CSSG:Eu SCFs, re-
gistered at diﬀerent wavelengths (Fig. 5b), when the bands peaked at
279, 290 and 320 nm occur in the excitation spectra of CYMSSG:Eu
SCFs (Fig. 5b). The diﬀerent positions of CTT excitation bands, prob-
ably correspond to the diﬀerent Eu3+ based emission centers in CSSG
and CYMSSG hosts. Speciﬁcally, we can presuppose formation of the
diﬀerent Eu3+ centers in the CSSG:Eu and CYMSSG:Eu SCFs with no-
tably diﬀerent PL emission/excitation spectra (Figs. 4 and 5) by the
analogy with the formation of Ce3+ multicenters in CSSG:Ce and
CYMSSG:Eu SCFs [18].
It is worth to note that the separation of the diﬀerent Eu3+ emission
centers is more clearly observed in the excitation spectra of CYMSSG:Eu
SCFs (Fig. 5b) than in the case of CSSG:Eu SCFs (Fig. 5a). Speciﬁcally,
due to the diﬀerent band positions at 260, 280 and 303 nm, related to
the O2−→Eu3+ CTTs in the excitation spectra of the Eu3+ lumines-
cence at 578 and 585 nm, corresponding to the 5D0→7F0 and 5D0→7F1
transitions (Fig. 5a), respectively, we assumed the formation at least
three Eu1, Eu2 and Eu3 canters in SCFs of these garnets.
The conclusion about the Eu3+ multicenter formation in CSSG:Eu
(a) and CYMSSG:Eu (b) SCFs is conﬁrmed also by the decay kinetics of
the Eu3+ luminescence under excitation at diﬀerent wavelengths in the
vicinity of the O2−→Eu3+ CTT excitation bands (Figs. 6 and 7, re-
spectively). The excitation of the Eu3+ luminescence at the wavelengths
in the 260–350 nm range and registration of the emission at char-
acteristic wavelengths of 577, 610, 625 and 706 nm, corresponding to
the 5D0→7F0,1,2,4 transitions, to allow separation of the decay kinetics
of the luminescence of diﬀerent Eu3+ centers. Namely, the excitation at
260 nm and 350 nm enables registering the decay kinetics of Eu1 and
Eu3 centers luminescence in CSSG:Eu SCFs, corresponding to the
5D0→7F0 and 5D0→7F1 transitions at wavelengths of 577 and 610 nm,
respectively (Fig. 6a). Meanwhile, under excitation at 300 nm, and re-
gistration of the emission at 610, 625 and 706 nm, corresponding to the
5D0→7F1,2,4 transitions, the luminescence decay kinetics of other Eu2
centers can be observed (Fig. 6a).
As can be seen from Fig. 6c, the decay kinetics of the Eu3+ lumi-
nescence at 610 nm in CSSG:Eu SCFs, corresponding to the 5D0→7F1
transitions, is non-exponential and strongly accelerated with increasing
the excitation wavelength in the 260–350 nm range. The corresponding
lifetimes of the Eu3+ emission decrease in the 1.42–0.885ms range in
CSSG:Eu SCFs (Fig. 6c). Generally this phenomenon presupposes the
energy transfer between the diﬀerent Eu3+ centers. Meanwhile, de-
creasing the lifetime of the Eu3+ luminescence with increasing the
excitation wavelength occurs non-systematically in the three ranges, cor-
responding to the dominating emission of Eu1, Eu2 and Eu3 centers
(Fig. 6c).
Fig. 3. PL spectra of CSSG:Eu (a) and CYMSSG:Eu (b) SCFs at 300 K under excitation with diﬀerent wavelengths in the 260–350 nm and 350-300 nm ranges,
respectively, corresponding to the O2−→Eu3+ charge transfer transitions (CTTs). The vertical lines indicate the ranges of visible changes in the intensity of Eu3+
luminescence under excitation at diﬀerent wavelengths.
Fig. 4. Dependence of relative intensity of various Eu3+ lines in PL spectra of CSSG:Eu (a) and CYMSSG:Eu (b) SCFs at 300 K under excitation with diﬀerent
wavelengths in the 260–350 nm and 250–300 nm ranges, respectively.
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Fig. 5. RT PL excitation spectra of Eu3+ luminescence in CSSG:Eu (a) and CYMSSG:Eu (b) SCFs registered at diﬀerent wavelengths. The peaks at 275, 300, 313 and
313 nm in the excitation spectra, presented in Fig. 5a, are caused by the absorption of GAGG substrate and correspond to the 4f-4f transitions of Gd3+ ions.
Fig. 6. Decay kinetics of Eu3+ luminescence in CSSG:Eu SCFs at wavelengths of 577, 610, 625 and 706 nm, corresponding to the 5D0→7F0,1,2,4 transitions, re-
spectively, under excitation in the vicinity of O2−→Eu3 CTT bands at 260 nm (a), 300 nm (b) and 350 nm (a). (c, d) – change of the decay kinetics (c) and lifetime (d)
of Eu3+ luminescence at 610 nm (5D0→7F1 transitions) under excitation at diﬀerent wavelengths in the 260–350 nm range in the vicinity of O2−→Eu3+ CTT
excitation bands.
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The decay kinetics of the Eu3+ luminescence in CYMSSG:Eu SCFs
(Fig. 7) notably diﬀers in comparison with that in CSSG:Eu SCFs. This is
caused by localization of Eu3+ ions in two dodecahedral positions of
non-isovalent Ca2+ and isovalent Y3+ cations as well as by larger non-
equivalent distribution of Mg2+, Sc3+ and Si4+ cations with respect to
the mentioned two sites of Eu3+ ions of this garnet. Generally this
presupposes the formation of speciﬁc Eu3+ multicenter set in.
CYMSSG garnet similarly to sets of Ce3+ based centers observed
recently in CYMSSG:Ce ceramics and SCF phosphors [15,16].
The excitation of the Eu3+ luminescence in CYMSSG:Eu SCFs at
wavelengths in the 260–300 nm range, corresponding to the O2−→
Eu3+ CTTs, and registration of the emission at wavelengths of 577, 610,
625 and 706 nm, related to the 5D0→7F0,1,2,4 transitions, allow se-
paration of the decay kinetics of the luminescence of the diﬀerent Eu3+
based centers in this garnet (Fig. 7a and b). However, in comparison
with CSSG:Eu SCFs, the diﬀerence of the decay curves, corresponding to
the diﬀerent Eu3+ centers is quite large, and separation of the decay
kinetics of these centers is easier performed for the CYMSSG:Eu SCFs.
Namely, the excitation at 260 nm and 300 nm allows the registration of
the decay kinetics of the Eu1 and Eu3 centers luminescence in CYM-
SSG:Eu SCFs at wavelengths of 577 and 610 nm, related to the 5D0→7F
and 7F1 transitions, respectively (Fig. 7a). Meanwhile, under excitation
at 260, 280 and 300 nm in the maximum of the respective excitation
bands (Fig. 5b) and the registration of the emission at 629 and 706 nm,
corresponding to the 5D0→7F2 and7F2 transitions, respectively, the
decay kinetics of the three Eu1, Eu2 and Eu3 centers luminescence can
be easily observed (Fig. 7a).
The decay kinetics of the Eu3+ luminescence in CYMSSG:Eu SCFs at
610 and 707 nm, corresponding to the 5D0→7F1 and 5D0→7F4 transi-
tions, respectively, is slightly accelerated at increasing the excitation
wavelength in the 260–300 nm range (Fig. 7d) and the corresponding
lifetimes of the Eu3+ emission slightly decreases in the 1.71–1.65ms
and 2.29-2.0 ranges, respectively (Fig. 7d). This means that the changes
in the emission decay kinetics of diﬀerent Eu3+ centers at varying the
excitation wavelength are much smaller in CYMSSG:Eu garnet (Fig. 7)
in comparison with the CSSG:Eu garnet (Fig. 6). In our opinion, this can
occur only in the case when the Eu3+ ions are localized in the CYMSSG
host mainly in the positions of Y3+ cations. In principle, such pre-
ference in the Eu3+→Y3+ substitution in comparison with the
Eu3+→Ca2+ entrance can be justiﬁed by similar charge state and re-
latively smaller volume compensation caused by the close ionic radii of
Y3+ and Eu3+ ions. Meanwhile, our assumption needs an additional
conﬁrmation by the precise optical and radiospectroscopic investiga-
tions of CSSG:Eu and CYMSSG:Eu garnets, performed at low tempera-
tures.
Fig. 7. Decay kinetics of Eu3+ luminescence in CYMSSG:Eu SCF at wavelengths of 577, 610, 625 and 706 nm, corresponding to the 5D0→7F0,1,2,4 transitions,
respectively, under excitation in the vicinity of the O2−→Eu3 CTT bands at 260 nm (a, b), 280 nm (b) and 300 nm (a, b). (c, d) – change of the decay kinetics (c) and
lifetime (d) of Eu3+ luminescence at 610 nm (5D0→7F1 transitions) and 707 nm (5D0→7F4 transitions) under excitation at diﬀerent wavelengths in the 260–350 nm
range in the vicinity of O2−→Eu3+ CTT excitation bands.
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4. Conclusion
The Ca3Sc2Si3O12:Eu (CSSG:Eu) and Ca2YScMgSiO12:Eu
(CYMSSG:Eu) single crystalline ﬁlm (SCF) phosphors were grown for
the ﬁrst time by the liquid phase epitaxy method onto Gd3Ga2.5Al2.5O12
(GAGG) and Y3Al5O12 (YAG), respectively, for investigation of the Eu3+
luminescence in these garnet hosts.
The cathodoluminescence (CL) and photoluminescence (PL) spectra
of the CSSG:Eu and CYMSSG:Eu SCFs are caused by the 5D0→7F1-4
transitions of Eu3+ ions in the red range. No sign of the Eu2+ lumines-
cence was found in the emission spectra of these SCFs. Therefore, the Eu3+
is the main charge state of europium ions in the SCFs of the mentioned
garnets. Meanwhile, we have found notable diﬀerences in the lumi-
nescent properties of the CSSG:Eu and CYMSSG:Eu SCFs. These diﬀer-
ences are caused by the Eu3+ multicenter formation in the both garnets
due to the diﬀerent local surrounding of Eu3+ ions in the dodecahedral
positions by the non-isovalent Sc3+/Mg2+ and Si4+ cations in the oc-
tahedral and tetrahedral positions of these garnet hosts, respectively.
The formation of diﬀerent Eu3+ centers results in: (i) various
dominant Eu3+ emission transitions under excitation in the vicinity of
O2−→Eu3+ CTT bands or excitation above the band gap of CSSG and
CYMSSG garnets; (ii) diﬀerent trends in the changes of the intensity of
the bands, corresponding to the 5D0→7F1-4 transitions of Eu3+ ions; (iii)
diﬀerent positions of the O2−→Eu3+ CTT excitation bands in CSSG and
CYMSSG hosts as well as diﬀerence in the Eu3+ luminescent decay
kinetics under excitation at diﬀerent wavelengths in the range of O2−→
Eu3+ CTTs.
A feature of the Eu3+ center formation in CYMSSG:Eu garnet is the
possibility of localization of the Eu3+ ions in dodecahedral sites of both
Ca3+ and Y3+ cations. Meanwhile, based on the obtained results, we
can presuppose the formation of Eu3+ centers mainly in the Y3+ po-
sitions of this garnet.
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